Background: The current gold standard for diagnosis of calciphylaxis is a skin biopsy specimen demonstrating calcification of small-caliber arteries or arterioles.
C alciphylaxis, also termed ''calcific uremic arteriolopathy,'' is a serious complication well known to nephrologists, dermatologists, and wound-care specialists consulting on hospital patients, but relatively unknown to other specialties. It presents with painful indurated violaceous skin lesions that ulcerate, often with an overlying jagged black eschar. Older estimates of the incidence rate in patients on dialysis for chronic renal failure have ranged from 1% to 4%. 1, 2 Newer estimates suggest a rate below 1% although with a trend upward. [3] [4] [5] Calciphylaxis can also present in nonuremic patients with milder renal dysfunction. 6, 7 A diagnosis of calciphylaxis carries a 1-year mortality of 45% to 80%. 8 The mortality is 2.5 to 3 times higher in patients with calciphylaxis than in the general hemodialysis population. 5 Although usually requiring a skin biopsy specimen for confirmation of the diagnosis, radiography can assist in early diagnosis of this condition. In this study we compare calcification of small vessels as measured by histopathology and by radiology as described below and summarized in Table I .
METHODS
Diameters of calcified vessels seen in skin biopsy specimens and radiology images of patients with calciphylaxis at a community hospital who had these studies done as part of their routine care during 2009 to 2016 were compared. Records of 7 patients with calciphylaxis were located. Six of the 7 patients had histopathology confirming the diagnosis. One (case 2) had a lower extremity amputation and calciphylaxis involving the penis, and further skin biopsy specimen was thought to be contraindicated. His diagnosis was confirmed by mammographic imaging. This retrospective study was approved by the Norwalk Hospital Institutional Review Board.
RESULTS
Patients ranged in age from 29 to 76 years. Four were male, and 3 were female. Five had diabetes. All had chronic kidney disease. Six were on hemodialysis and had an elevated calcium-phosphate product. Three were anticoagulated with warfarin, 1 with lowmolecular-weight heparin, and 2 with platelet inhibitors. Five patients received intravenous thiosulfate, and 3 received hyperbaric oxygen. Wounds were debrided. Six of the patients improved, and 1 was transferred to hospice care.
Three patients had mammographic imaging specifically ordered to identify fine vascular calcification adjacent to skin ulceration, thereby facilitating rapid confirmation of the clinical diagnosis. Additional radiographic imaging reviewed retrospectively for identification of vascular calcification included 1 patient with computed tomography (CT) of the extremities, and 4 patients with plain film radiography of the hand, foot, ankle, or distal extremities. Diameters of the smallest calcified vessels measured on skin biopsy specimens ranged from 0.04 to 0.3 mm. Resolution of calcified vessels by radiologic imaging was nearly as fine, with smallest vessels visualized at 0.1 to 0.3 mm. Results are reported in detail in Table I 
DISCUSSION
Calciphylaxis can be regarded as a kind of calcific sclerosis of the tunica media of the microvasculature. Small arteries and arterioles are the major determinant of peripheral arterial resistance 9 and it is speculated that these vessels, when calcified, are unable to vasodilate in response to pressure or other stresses, with consequent ischemia and necrosis of involved skin, resulting in calciphylaxis. 10 Fischer and Morris 11 reported that involved arterioles have luminal diameters of 0.02 to 0.6 mm with most measuring about 0.1 mm. In the experience of the authors, calcified vessels this small are not commonly identified in radiographs of elderly patients. One study of 131 renal transplant recipients found extensive small-vessel calcification on plain radiographs (mainly of the hands) in 12 patients. 12 All developed severe complications, including gangrene and myositis with mortality reported in 9.
Interestingly, a muscle biopsy specimen of one is depicted and shows microcalcification of the tunica media. However, systematic studies evaluating the extent of medial calcification of the microcirculation have not been performed to date. 13 Another pattern of calcification affecting larger arteries is termed ''Monckeberg medial calcific sclerosis'' and involves the muscular tunica media. Monckeberg medial calcific sclerosis is a common incidental finding seen in radiographs, described as ''railroad,'' ''tram tracks,'' or ''pipestem'' calcification, particularly of older patients and those with chronic kidney disease or diabetes. 11, 13, 14 The prevalence of Monckeberg medial calcific sclerosis in adults between age 45 and 75 years was estimated to be 13.3% in males, and 6.9% in females when calculated by ankle-brachial index greater than 1.3. 15 The prevalence of calcification of larger arteries in patients awaiting renal transplantation evaluated by plain film radiography of the pelvis, thigh, or both was reported to be 39.5%. 16 In a study of Finnish diabetics between ages 45 and 64 years, calcification of the femoral artery was noted in 41.5% of patients. 17 An additional pattern of vascular calcification, patchy calcification of the tunica intima of larger arteries, is associated with atherosclerosis. 18, 19 The main differential diagnosis of calciphylaxis includes atherosclerotic disease, cholesterol embolism, nephrogenic systemic fibrosis, oxalate vasculopathy, purpura fulminans, vasculitis, and warfarin necrosis. 8 Normally confirmation of the clinical diagnosis requires a skin biopsy specimen demonstrating calcification of small arteries and arterioles with microthrombi sometimes noted, along with interstitial tissue calcium deposition, and resultant inflammation and ischemic necrosis. 8 However, this procedure entails a risk of bleeding,
CAPSULE SUMMARY d
The diagnosis of calciphylaxis in patients presenting with painful cutaneous ulcers is typically confirmed by a skin biopsy demonstrating small vessel calcification. In a series of 7 patients, commonly used radiologic imaging techniques including plain films, mammography, and computerized tomography scans visualized fine vessel calcification comparable to histopathology. Collaborating with radiology colleagues to identify small vessel calcification that might otherwise be overlooked can assist in early diagnosis of calciphylaxis. CAD, Coronary artery disease; Ca-Phos product, calcium-phosphate product; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CT, computed tomography; DM, diabetes mellitus; DVT, deep vein thrombosis; F, female; HBO, hyperbaric oxygen; M, male; Na 2 S 2 O 3 , sodium thiosulfate. poor healing of the biopsy site, and even extension of necrosis. 20 When calciphylaxis involves the penis (as in patient 2), biopsy specimen may even be contraindicated. 21 Therefore some authors have sought noninvasive radiologic methods to visualize the hallmark vessel calcification seen in calciphylaxis. 22 A number of radiologic techniques can be used to detect small-vessel calcification. A plain film demonstrating calcification of arteries and a netlike pattern of calcification can suggest calciphylaxis. 23 Mammography using low-energy ;30 kV radiation can detect calcification as small as 0.13 mm. 24 This resolution is said to be superior to that of plain films or CT scan. 24 Another radiologic technique (not used in the current study) is bone scintigraphy using technetium 99m label. 25, 26 This can demonstrate calcium not only in the subcutaneous tissue, but in other organs such as the lung, heart, and kidney.
In our series of patients (summarized in Table I ), various common imaging techniques used in their routine care, reviewed retrospectively, confirmed the presence of arteriolar calcification with resolution of as little as 0.1 to 0.3 mm diameter, nearly equal to that of histopathology. Mammography was particularly useful in visualizing calcification in 3 cases where the involved tissue site was thick, limiting the resolution of plain films. Plain films and CT imaging of thinner parts of the body (the heel, foot, or leg in patients 3 to 7, areas not clinically involved with calciphylaxis) also visualized calcification of vessels less than 1 mm, most in the same 0.1-to 0.3-mm range. This is probably the case because calciphylaxis is actually a systemic disease with vessel calcification not limited to the locus of ulcer formation. 6 Limitations of the current study include the small number of patients studied and the retrospective nature comparing calcified vessel diameters using a variety of radiologic techniques against histopathology. Further studies are clearly needed to determine which radiology study (plain film, mammogram, CT scan, or scintigraphy) is optimal in diagnosing calciphylaxis. In the meantime, we found that consultation with radiology colleagues can reveal small arterial and arteriolar calcification less than 1 mm potentially hastening the diagnosis of calciphylaxis before tissue pathology results are available. Supplementary Fig 1. Calciphylaxis. Patient 3. A, Right leg ulcer. B, Radiographic image of right leg. C, Zoomed-in image shows vessel calcification 0.8 to 1.6 mm in diameter (arrow).
